Observations of the red supergiant (M2 lab) a Ori with the Goddard High Resolution Spectrograph (GHRS) on board the Hubble Space Telescope (HST) have provided an unambiguous detection of a far-UV chromospheric continuum on which are superposed strong molecular absorption bands. The absorption bands have been identified by Carpenter et al. [ApJ (1994) (in press)] with the fourth-positive A-X system of CO and are likely formed in the circumstellar shell. Comparison of these GHRS data with archival IUE spectra of a Ori indicates that both the continuum and the CO absorption features can be seen with IUE, especially if multiple IUE spectra, reduced with the post-1981 IUESIPS extraction procedure (i.e., with an oversampling slit), are carefully coadded to increase the signal to noise over that obtainäble with a single spectrum. We therefore initiated a program, utilizing both new and archival IUE SWP spectra, to survey 15 cool, low-gravity stars, including a Ori, for the presence of these two new chromospheric and circumstellar shell diagnostics. We establish positive detections of far-UV stellar continua, well above estimated IUE in-order scattered light levels, in spectra of all of the program stars. However, well-defined CO absorption features are seen only in the a Ori spectra, even though spectra of most of the program stars have sufficient signal to noise to allow the detection of features of comparable magnitude to the absorptions seen in a Ori. Clearly if CO is present in the circumstellar environments of any of these stars, it is at much lower column densities.
INTRODUCTION
The far-UV spectrum of the typical late-type, low gravity star is reasonably well understood from studies of IUE spectra (see, e.g., Linsky 1980; Ayres et al 1981; Carpenter et al 1988, etc.) . However, the IUE SWP spectrum of a Ori (M2 lab) had been difficult to interpret prior to the acquisition of a low-resolution (G140L) spectrum of the star with the Goddard High Resolution Spectrograph (GHRS). Carpenter et al (1994) and Carpenter (1991) describe the clear detection with GHRS of a far-UV continuum upon which is superposed a series of very strong absorption features. They suggest that the continuum is due to atomic recombination in the chromosphere and that the absorption is due to the («,0) bands (w=0,...,9) of the fourth-positive A-X system of CO molecules in the circumstellar shell. The GHRS spectrum of the region in which the CO absorptions occur is shown in Fig. 1 . These detections provide new diagnostics both for the chromosphere (the continuum shape and brightness) and the circumstellar shell (the CO absorptions).
The numerous investigators who have examined the 747 Astron. J. 107 (2), February 1994 a Ori IUE data over the years have been conservative when studying features at low signal levels in the spectra and have properly avoided claims, which were difficult to substantiate. However, with the benefit of the higher resolution, higher signal-to-noise spectrum obtained with the GHRS, we are able to evaluate the reality of these weak features. The CO absorptions are clearly present in the IUE data and the "excess" low-level light seen in IUE is consistent with the chromospheric continuum seen with GHRS and is not primarily due to in-order scattered light (which we estimate contributes an average of only 12% of the signal between 1350 and 1450 A, see Sec. 2). Figure 2 shows the coadded IUE spectrum (described below) overplotted with the GHRS spectrum in the region of the CO absorption.
The demonstration that IUE is capable of detecting far-UV continua in cool stars and detecting, although not fully resolving, the CO absorptions enabled us to propose a survey to search for the presence of these two diagnostics in other stars. We aim to identify promising targets for examination with HST spectrographs at the higher resolu- tion and higher signal to noise needed for quantitative analysis.
OBSERVATIONS AND REDUCTION
For this survey, we chose 15 stars of spectral type K or M ranging in luminosity class from giant to supergiant. Both new and archival IUE low dispersion SWP spectra of these stars were used. Table 1 shows the total number of spectra used for each program star, along with their total exposure time. We examined all exposures with sufficiently long exposure times to potentially provide information on the UV continuum. In most cases, there were only 2-3 such exposures and we used all of them. In cases where more spectra were available, we selected those of the highest quality (signal/noise). The spectral classifications are from the Bright Star Catalog for all stars with the exception of r] Per, A Vel, and a Boo, whose types are taken from the simbad database. In the latter cases, we have used the types given by the majority of the references included in simbad. The only major difference is for rj Per, whose spectral type is shown as M3 in the Bright Star Catalog, rather than the K3 given in all other references. The IUE spectra confirm the K3 classification. The 27 archival spectra which had not yet been processed with the post-1981 IUESIPS extraction procedure were reprocessed using the current version of iuesips to ensure uniformity in the reductions and to obtain the improved resolution provided by the doubling of the sampling rate. The significant fixed-pattern noise characteristic of the post-1981 reductions is mitigated to a large degree by the coaddition of multiple images (taken with different camera temperatures and with random miscenterings of the target in the aperture) described below.
Multiple observations were combined using a technique similar to that described by Ayres et al. (1986) , which allowed us to create a single coadded spectrum with increased signal to noise. This technique involves cross correlating the individual spectra on strong features to ensure a common wavelength scale and then determining the weighted mean flux at each wavelength point. All points with a nonzero data quality (eps) flag or a flux deviating by more than 3cr from the average (provided there were 3 or more spectra) are given a reduced weight when taking the mean. Each coadded spectra was then aligned with the a Ori spectrum, which had been placed on a laboratory wavelength scale. An estimated continuum level was then determined for each of the coadded spectra by doing a least-squares fit to selected "continuum windows" (regions free of strong emission or absorption features). In order to gauge if the resultant fit was a true measure of the stellar continuum, it is necessary to compare the detected signal level with the expected instrumental scattered light level in IUE.
The scattered light level in SWP IUE spectra has been previously estimated by Stickland (1980) strumental scattering of mid-UV (2365-2740 Á) photons produces significant contamination in spectra of mid-A to early K stars, but that M type stars "showed no evidence for scattered light... " Basri et al (1985) create a detailed computer simulation of grating scattering. They devised routines for calculating the scattered light given the intrinsic spectrum and for approximately removing scattered light from an observed spectrum, which they apply to Fand G-type stellar spectra. We opt for a more direct empirical approach which takes advantage of the existence of low resolution GHRS G140L spectra of two stars, a Ori and 7 Dra, also observed with IUE. The GHRS observations are free of mid-UV in-order scattered light, since the associated detector is blind to mid-UV light, and thus provide "truth spectra" against which possibly contaminated IUE spectra can be compared, thereby allowing a direct measurement of the amount of scattered light in those spectra. The initial measurement was done using a GHRS spectrum of 7 Dra (K5 III), obtained during the Science Verification program. To make the comparison with our coadded IUE SWP spectrum of 7 Dra, the resolution of the GHRS data was decreased by binning 40 adjacent pixels. The two spectra were then subtracted, their difference giving an average of 1.84x10" 15 ergs cm" 2 s" 1 A" 1 in the 1350-1450 A spectral region. We assume that this represents a good estimate of the average scattered light in the IUE 7 Dra spectrum for the region in which the CO absorption occurs. We repeated this procedure with a Ori, for which G140L GHRS data also exist, and obtained an average of 6.22X10" 15 ergs cm" 2 s" 1 A" 1 in the same region. This is within 10% of the value estimated by scaling the measured scattered light in the 7 Dra data by the relative {/-band magnitudes of the two stars, suggesting that the scattered light scales directly with the brightness of the star and is relatively insensitive to the spectral type, at least for the range of objects considered here. Given this validation, the expected scattered light levels in the 1350-1450 Â region for the rest of the program stars are obtained by scaling the 7 Dra value by the relative U-band magnitudes. The results are summarized in Table 2 , along with measurements of the gross continuum levels for the same spectral region.
To accurately compare the shapes of the individual continua it is necessary to remove the effect of foreground reddening. To do this, the extinction at V, A (V), was calculated using observed VRIJHKL intensities from the SIMBAD database and intrinsic colors derived from the spectral classification (Landolt-Bomstein 1982 , Koornneff 1983 , and Johnson 1966 as described by Carpenter et al 1990 . The YL(B-V) values listed in Table 2 are calculated assuming R =A ( F)/E( AE-F) = 3.1. Extinction factors at the far-UV range of the IUE SWP camera are determined from mean reddening laws (Cardelli et al 1989) . tered light levels and we therefore believe that we have detected true stellar continuum radiation in all of the program stars. In all but two of the stars, the expected scattered light is less than 13% of the estimated continuum level. In disagreement with Stickland (1980) , we find significant, though admittedly not dominant, scattered light components in spectra of the cooler stars (late K and M). Only the observed continua of a Boo and a Tau include large scattered light contributions (49% and 24%, respectively). This is likely due to the larger mid-UV to far-UV flux ratios in these stars, which are the warmest giants in our sample. We note that 7 Dra, which has the same spectral type as a Tau, contains 26% scattered light in its continuum. In general, the shape of the continuum is flat, as found in an IUE survey of K and M stars by Stickland & Sanner (1981) . However, three stars in their survey, a Ori, ß Peg, and ß Gru, most definitely show curvature in their continua. Dereddened spectra of these three stars, As shown in Table 2 , all the stars have measured continuum levels significantly higher than the expected scat- along with two others which we identify as having this characteristic are shown in Fig. 3 . Since we are detecting a stellar continuum in these stars which is well above instrumental scattered light levels, strong CO absorption features should be observable, if present, as long as enough signal to noise exists in the coadded spectra. The dereddened, coadded spectra of 14 of the program stars are displayed in Fig. 4 . The dashed line indicates the estimated continuum position and the shaded areas highlight 10 Á wide regions, starting at the position of each bandhead, where the CO absorptions would occur if present. If a star has a detectable amount of CO it should have pronounced absorption features at these wavelengths, as observed in the case of a Ori. While several stars show indications of absorption in several of the bands (e.g., A Vel and tj Per) there is no strong evidence for the consistency between bands seen in a Ori, and we conclude that, aside from a Ori, none of the program stars shows unambiguous evidence of CO in its circumstellar shell. No attempt has been made to be more quantitative than this, as, e.g., establishing upper limits to the column density of CO. This is because of the low resolution of the spectra as well as the presence of a large number of emission lines. These lines vary with both spectral type and luminosity and crowd the spectrum to such an extent that it is often impossible to determine whether a weak feature is caused by an emission line, a particle "hit," or a local minimum in the absorption spectrum. These features also limit the number of large continuum windows so that an accurate determination of the local continuum and the specification of the noise characteristics of this data are exceedingly difficult.
ANALYSIS

SUMMARY
Among the cool, low-gravity stars whose continua are strong enough to observe with IUE and whose spectra contain enough signal to noise to detect possible absorption features, only a Ori shows clear evidence of superposed CO absorption. During a 16th episode program (copkc), we will obtain additional IUE spectra of the stars in our sample for which existing data exhibit insufficient signal to noise. At the conclusion of that program, we will have pushed IUE to its limit. Future searches for weaker CO bands in the spectra of warmer or higher gravity cool stars, as well as for the strong absorptions likely to be seen in other (necessarily fainter) M supergiants, will require the use of the more sensitive HST spectrographs.
